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EFFECTS OF AIR BREATHING ENGINE PLUMES 
ON SSV ORBITER SUBSONIC 
WING PRESSURE DISTRIBUTION (0A57B) 


Ry T. Soard* 
ABSTRACT 


The data presented in this report were obtained during wind tunnel 
tests of a 0.0405-scale model of the -89B Ferry Configuration of the Space 
Shuttle Vehicle Orbiter. ‘hese tests were conducted in the Rockwell 
International Low Speed Wind Tunnel (NAAL) during the time period of 
exp teabe: 18 to September 23, 1973. NASA Space Shuttle test designation 
was OA57B. 

The primary test objective was to investigate orbiter wing pressure 
distributions resulting from nacelle plumes above and below the wing. 

Three six-engine nacelle configurations were tested. One configuration 

had a twin-podded nacelle mounted above each wing and the others had one 
mounted below each wing. Both had a centerline twin~-podded nacelle mounted 
below the wing. Wing pressure distribution was determined by locating 
static pressure bugs on the upper and lower surfaces of the left wing. 
Fressure bugs were also located on the upper and lower surfaces of the body 


flap and on the B,, afterbody fairing when it was installed. Base and 


12 
balance cavity pressures were recorded and a strain gage instrumented beam 
in the right wing measured elevon hinge moments and normal forces. 


Testing was conducted at 3 ground plane heights (h/b = 0.039, 0.125, 
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and 0.286), with 4 engine pressure ratios (Pin / Po? Oy eOe, 24 3e Jandel ss... 
with elaevon deflections of 0° and ‘15°, and with body flap derlecticns <:° 
-18°, O°, and +20°. The nominal angle of attack range was -4° =o 420% wits 
an angle of sideslip of 0°. A Mach rumber of 0.200 was maintained tnrough- 
out the test. 

The model was mounted on a 2.5-inch diameter dummy balance using the 
W-1052-5 sting and W-1092-A~-2 adapter, locating the center of rotation at 
the truiling edge of the root chord. 

This report is presented in two volumes. Volume 1] contains the data 


figures and Volume 2 contains the tabulated source data. 
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SADSAC 
symbel Symbol 
A 
b BREF 
Cy CA 
CoM CHME 
Cy CN 
C CLM 

n 

CP 
CD 
C.P. 

GN, 

XCP 

Cc LREF 
Dy epp/d H/B 
R 

MRP 

XMRP 

YMRP 

ZMRP 
P 
q Q(PSF ) 
S SREF 
T 


NOMENCLATURE 


Definition 
area Of influence, fo 
reference span, inches 


axial-force coefficient, axial force/qi 
hinge-moment coefficient, hinge moment/qv 


normal-force coefficient, normal force/gqS 


pitching-moment coefficient, pitching moment/qSc 


Asia <a 
pressure coefficient, P_, P of 


center of pressure 

nitrogen gus 

distance from MRP to C.P. on X axis, incnes 
reference length, inches 


ratio of height of wing trailing edge above 
ground plane to reference span 


distance from MCR to static pressure tap 
moment reference point 

moment reference point on X axis 

moment reference point on Y axis 

moment reference point on Z axis 
pressure, psf 

dynamic pressure, psf 

reference area, rte 


temperature, °R 
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W ALPHA 


BETA 


> 


ADE 


CMWING 
CNWING 


6 ELEVON 


AC DELCP 
: C 


CA, CAB or 
CAB] 


CN, CNE 
CPBF 
CPBAVE 
CNTOTL 
CMTOTL 


C CP 


x/e x/C 

Y¥/b/2 2Y/B or n 
X/L 
CNFLAP 
CMFLAP 
CNABDY 


CMABDY 


RE Me | ae Lestat nl = 


NOMENCLATURE (Continued ) 


angle of attack, degrees 
angle of sideslip, degrees 
ratio of specific heats, y = 1.4 for air 


leading edge sweep angle, degrees 


wing pitching moment coefficient 
wing normal force coefficient 


elevon, surface deflection angle positive deflection, 
trailing edge down; degrees 


incremental pressure coefficient 


base force coefficient, ae ea Ay (Pp-Po)/aS 


elevon normal force coefficient 
pody flap pressure coefficient 
average base pressure coefficient 
total normal force coefficient 
total pitching moment coefficient 


pressure coefficient (pi-p,)/q 


local chordwise position/wing chord length 
local spanwise position/wing semi-span 
local chordwise position/reference length 
body flap normal coefficient 

body flap pitching moment coefficient 
afterbody normal force coefficient 


afterbody pitching moment coefficient 
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CPSB 

CPSAB 

CPBAB 
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NOMENCLATURE (Concluded) 


total nozzle pressure/free stream pressure 


Reynold's number, RN/L, millions per foot 
flap, surface deflection angle, positive 
body length, inches 

base pressure coefficient 

Side afterbody pressure coefficient 


bottom afterbody pressure coefficient 


base 

balance cavity 
elevon 

hinge moment 
index, value at station i 
lower surface 
local 

nozzle 
freestream 
pressure 
static 

total 


upper 
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CONFIGURATIONS INVESTIGATED 


The model tested was a 0.0405-scale representation of the Rockwel: 
“nternational-89B Space Shuttle Orbiter. The basic model was of the blended 


wing-body design utilizing a double delta wing (75°/45°A full span 


LE)? 
elevons (unswept hingeline), and a canopy. To complete the ferry con- 
figuration, air breathing engine nacelles were tested in locations above 
and below the wing as per SS-A00028. Jet plumes were simulated by exhausting 
compressed GN,, from ull nacelles. 

All model components were per VL70-00089B configuration except for 
the fuselage lines from station 1307 aft and the engine aceite groupings 
and locations. 

The orbiter model was constructed of wood and aluminum and was mounted 


cn the Task Corporation 2.5-inch Mk IX dummy balance. The following nom- 


enclature was used to designate the various model components: 


Component Description 

Big ~89B fuselage 

35 -SOR fuseluge with base fairing 

ye -89B canopy 

ry Body flap, ATP baseline 

Tyo Air breathing propulsion system consisting of a twin 


podded nacelle below each wing and a twin podded nacelle 
on the lower fuselage centerline 


same as J). except engines under wings extended aft an 
additional 90 inches full scale 
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( ) Jy 5 Air breathing propulsion system consisting of a twin 
~ podded nacelle above each wing and a twin podded nacel_ie 
on the lower fuselage centerline 


bs 


Wan -89B double delta wing (75°/45°A, 5) 


E,8 Elevon, full span split, used with wing We7 
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Ths’ FACILITY 


The North American Aerodynamics Laboratory (NAAL) 7.75 « Ll.ceF-i+ 
Wind Tunnel is a continuous flow, closed circuit, single return tyie ture 
nel capable of speeds up to 2O0OO miles per hour. The test section is vente: 
*o atmospheric pressure and is 7.75 x ll feet w oe by le feet in leneth. 
rowec is Supplied by a 1250 horsepower nacelle mounted cynchronous moter 
driving a 19 foot, seven blade, laminated birch propeller. The airspeea 
is controlled by varying the degree otf coupling between the motor and 
propeller by means of a mugnetic clutch. A damping screen and honeycomb 
section in the settling chamber upstream from the contraction cone (ratio 
7.53 to 1) minimizes turbulence in the test section. The NAAL Wind Tunnel 
has been in operation since June 1943 and calibrations are available over 
a wide range of test conditions. 

Tests may be conducted using a variety of mounting systems, e.g., 8 
single strut, double strut, sting strut, reflection plane, cable suspensicn, 
and two dimensional wall. Acrodynamic data may be measured by 4 planar 
type external balance. An uutomatic data Acquisition System is used to 
collect, multiplex, digitize, and record 50 channels of force and/or pres-~ 
sure data on magnetic tape. ‘This data is then rapidly reduced and plotted 


using automatic data processing equipment and an sutomu*tic digizal pasvtter. 
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DATA REDUCTION 


Se ee Or cane 


to 


Since only pressure distribution and elevon hinge data were required 
during the test pericd, the model was mounted on the Task Mk IX 2.6" dweor 
balance. Therefore no corrections were made for balance and stins ice. 


flection. But standard facility corrections for biockage were arppliei as 


required. A base and balance cavity axial force coefficient was calculated 


as presented below: 


sg 4 
C 2 - (B= be) (PC 


Ago q 





and: 
P P A 
- it = se = 3 OV oes = } 


Elevon hinge moments and normal force coefficients were calcue- 
lated in the following manner: 


me 


where: HM, = (gage output)x(calib. factor), in-lbs 
Se = Elevon area, rt? 
c. * M.A.C. of elevon, in 


and: 


C re Semen 
Ne qs CE 2 


LF) 
a 


Reference area, re? 
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DATA REDUCTION (Continue 
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Static pressure coefricients were calculated as shcwn belcw: 


P iy 
Sia S 





where: 


P = fovul static pressure, psf 
| 

P = Tunnel static pressure, psf 
s 
Oo 

q = Tunnel dynamic pressure, psf 


Wing panel, body flap, afterbody, and total 
ine moment (about 66% body length) coeffici 
presented below: 


AX p 


' 
by =_ im mad: 3 
cy 2 yp op ) 
1 1 i 
ud u 
where: C = Upper surface pressure coeffi 
ra (assume afterbody C = 0.0) 
Pi 
u 
a = lower surface pressure coeffi 
th 
2 
A. = Area of influence, ft", (see 
Yi 
a = Keferemee mreay rt 
subiad: 
: o : t; 
m N ¢ 
O.vcb 1 i 
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Wing Lany = 30 

Body fla} 1 AY = 3 
= % 

Afterbody Lay a 


normal force and pitch- 
ents were calculated as 


eLlent 


cient 


tubles 1V and V for values; 


DATA REDUCTION (Continued) 





Where: 


L = Distance of tap from moment reference point, in, see 
tables IV and V 


ce ® Reference length, in 


and: 


and: 


C.. Total = C 


N N + C + 


Wing Mody flap TN seeteduy 
and: 


C. Total = C ee + Ci. 
ing “boly “Lap Afterbdody 





and: 


CC Total = C41 Cy + C_/C 


+c /C 
Wing ls 


Body flap - Narterbody 


The following reference dimensions and constants were used in 
data reduction. 


Basic constants: 


Symbol Definition Model Scale 
S Reference area, rt? 4.412 
b Reference span, in 37.935 
3 Reference length, in 19.230 
Sp Elevon reference area, f° 0.336 
Cp Elevon reference length, in 3.44 

i. 4 21 
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DATA REDUCTION (Concluded; 


Nacelle nozzle exit area, rte 


Moment reference point on 
X axis, in 


Moment reference point on 
¥ axis, in 


Moment reference point on 
Z@ axis, in 
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TABLE 1. 


+ Mirren Vorb se nee RL. Rae toe wat EM 


TEST CONDITIONS 


REYNOLDS NUMBER DYNAMIC PRESSURE  ISTAGNATION TEMPERATURE 
MACH NUMBER (per unit length) (degrees Fahrenheit) 











BALANCE UTILIZED: CASK Corp 2,5 inch Mk TX DUMMY 


CAPACITY: ACCURACY: aa aEE: 
WEP eee Seeeiedtin Geeeicins 
SF ee eee eee 
AF eS eee 
PAP eee ae se eee 
ce a —_———— 
YM cciecmmammiece a 








COMMENTS: Model instrumented with elevon hinge moment gages and wing, 
body flap and afterbody pressure orifices. 
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TABLE II. 
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TABLE II. - Concluded. 









DATA SET/RUN NUMBER COLLATION SUMMARY 
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TABLE III. - MODEL DIMENSIONAL DATA 


MODEL COMPONENT: BODY -B12 Body 


GENERAL DESCRIPTION: Fuselags, 2A conf tion with base fair 
lightweight orbiter per Rockwell lines VL70-000103 








Scale Model = 09.0405 











$5-A0O0LO2 
DRAWING NUMBER: V £70-000103 
DIMENSIONS : ——— FULL-SCALE MODEL SCALE 
Length - in. ' 1705.0 69.95250 
Max. Width - in. ee 
Max. Depth - in. 248.0 10.0440 _ 
Fineness Ratio 6.875 __ 6.875 
Area - Ft? 
Max. Cross-Sectiona! 355.278 0.58274 
Pianform 
Wetted 
Base | 


29 





Meee Rem ale ee i: ae red 


ar all rn Av aan dn annie sauna chs anaemmeeenemmnm detenasmmmmbsemenetn aadelincnttnien tementatatentination enainemadieaelne mane aaa 
5 + 
e # - 
* ~ ’ vt o® . ,a ’ Ms 
that ee ” ret gett a tae ie ok ~ 


A ee ~ iS 


em ee ee re ee eae oe 


TASLE III. = Continuea. 


MODE. COMPONENT:  BOQDY - B16 


GENERAL DESCRIPTION: -89B Fuselage 


Scale Model = 9.0405 





DRAWING NUMBER: VL72 -000089 
DIMENSIONS : 
Length aes in. 


Max. Width - in. 

Max. Depth - in. 

Fineness Ratio - in. 

Area - Ft 
Max. Cross-Sectional 
Plianform 
Wetted 


Base 
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FULL-SCALE 


1328.3 


248.0 
5 35605 


355.278 





MODEL SCALE 


—53.796__ 


— 10.0% 
5.35605 
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TABLE III. - Continued. 


MODEL COMPONENT: CANOPY - C5 


GENERAL DESCRIPTION: -89B Canopy 
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Scale Model = 0.0405 


Pc hadnt ec ie sind roe ee 
DRAWING NUMBER ; 1,.70- 
DIMENSION: 
Length (Sta Fwd Bulkhead ) 
Mox Width (T.E. Bulkhead) 
Mox Depth (WPZ. = 421.922 to 2.= 500) 
Fineness Ratio 
Areo 
Mox Cross-Sectional 
Planform 
Wetted 
Base 
Sta. Fwd. Bulkhead, Fus. Sta 


Sta. T.E. » Fus. Sta. 
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FULL SCALE 


391.0 
560.0 











391.00 
560. 





MODEL SCALE 
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| 15.836 
22.680 
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TABLE Ifl. -— Continued. 


MODEL COMPONENT: Body Flap - Fl 


GENERAL DESCRIPTION: 


Fuselave Trailing Edge 


a 





Body Flap Located on Lower Aft Portion of 
he ec a na ee a me 





MODEL SCALE 


9.580 


61.896 
66.848 


9.580 


0.328 


Scale ‘Mlode] = .0405 
ORAWING MUMBER: VL70-000003A 
DIMENSIONS: FULL-SCALE 
Length in. 236.54 
Flap L.E. Fus. Sta. in. 1828.30 
Flap T.E. Fus. Sta. in. 1650. 56 
Span in. 236.54 
Area et? 
Max. Cross-Sectional! 
Planform 199.75 
Wetted 
Base 
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TABLE Jd L - - Continued, 


MODEL COMPONENT: HLSVON E-18 





GENERAL DESCRIPTION: Unswept_hingeline elevon used on Wing +87 


Oe TE Re LS a A, Ts area aera ca eta NEN 








Scale Model = 0.005 


DRAWING NUMBER: _VL70-060093 


DIMENSIONS: 


Area - FT 

Span (equivalent) - IN. 
Ino'd equivalent chord 
Outb'd equivalent chord 


Ratio movable surtace chord/ 
tote] surface chord 


At Inb'd equiv. chord 

At Outb'd equiv. chord 
Sweep Back Anvles, deqrees 

Lesding fege 

Tatling Edge 

Hingeline 


Area Moment (Normal to hinge line) - ¥T3 
Froduct of area Moment 


‘ 
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10. 2h 


FULL-SCALE 


__ 353.3! 
1.78 


55.00 





2400 


0.00 


0.00 


1546.07 


MODEL SCALE 
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TABLE Lil. - Continued. 


MODEL COMPONENT: AIR BREATHING PROPULSION SYSTEM - Jip 











ee Se ee } 


GENERAL DESCRIPTION: One Twin-podcea nacelle under each wing plus one 


opottom centerline twin-podded nacelle. 


Sa TE, EA ma AES TOE ope Te ee 





Seale: 0.0405 








DRAWING NUMBER; SS-A00028 
DIMENSIONS; FULL SCALE 
Length - In. 231.580 
Max. Width - In. ge -000 
Max.Depth - In. oc -00) 
Fineness Ratio 
Area 
Max Cross-Sectional - IN.° 2123.717 
Hozzle - In.° ll2e. 
Wetted 
Base 
Forehody Nose Wing 
Model Station - In. 36 .88 
Water Line - I1. 10. 328 
Thrust Line OUTB'D INB'D 
Butt Line-In AL.117 0-8. 567_ 
Incidence - D.g. 44° 
34 


MODEL SCALE 
9.379 
2.106 
2.106 


3.483 
1.841 
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TABLE III. = Continued. 


MODEL COMPONENT: AIR BREATHING PROPULSION SYSTEM - Jy) 





GENERAL DRSCRIPTION: One twin-podded nacelle above each wing plus one 


bottom centerline twin ded nacelle. nes 1, 2 and @ nave been 


extended 90 inches full-scale. 





SCALE: 0.0405 
DRAWING NUMBER: SS-A0002& 


DIMENSIONS: FULL SCALE § MODEL SCALE 
Length - “in. 321.58 
Max. Width __ 52.000 2.106 
Max. Depth __52.000 2.106 


Fineness Ratio 








Area 
Max. Cross-Sectional - In. 2123.717 3.64 
Nozzle - In.° 1122. 327 1.841 
Wetted ee eee oe 
Base 
Forebody Kose Wing Cc 
Model Station - In. 36.88 36 .88 
Water Line - In. 15.1 9.577 
Thrust Line Outs'd _Inb'a_ ¢ 
Butt Line - In. 41.117. _8.567 0.0 
Incidence - Deg. 0° + 4° 
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TABLE LIL. - Continued. 


MODEL COMPONENT: AIR BREATHING PROPULSION SYSTEM - Jyo 





GENERAL DESCRIPTION: One twin-podded nacelle above each wing plus one bottom 
centerline twin-podded nacelle. 














SCALE: 0.0405 
DRAWING NUMBER: SS-A00028 























DIMENSIONS: FULL SCALE MODEL SCALE 
Length 231. 580 9-379 
Max. Width 52.000 2.106 
Max. Depth S52 .090 2.106 
Fineness Ratio 
Area 

Max. Crose-sectional In.° 2123.717 3.643 
Nozzle - In.* 1122 . 327 _1.641 
wetted 
Buse ame 
Forebody Nose WING J 
Model Station - In. 38.88 36.88 
Water Line - In. 15.1 9-57] 
Thrust Line Qutb'd = Inb'a_ g 
Butt Line - In. 1.317 _8.567 0.0 
Incidence - Deg. 0° _« 4° 
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TABLE III. - Concluded. 


MODEL COMPONENT: WING, W87 
GENERAL DESCRIPTION: Double delta wi © /45° ALE) 





SCALE MODEL: 0.0405 
DRAWING NUMBER: VL70-000093 





DIMENSIONS: FULL- SCALE MODEL SCALE 
TOTAL DATA 
Area - ft° 
Planform 2689. 38 4411 
Wetted 
Span - equivalent Ti -17 3 
Aspect Ratio 2.el 2.21 
Rate of Taper a2 121 
Taper Ratio QO. F 
Dihedral Angle, deg. @ X/C=75.33% 3.861 3.861 
Incidence Angle, degrees 3.000 3.000 
Aerodynanic Twist, degrees -~ -- 
Toe-In Angle -- ao ae 
Cant Angle -- -- 
Sweep~- ack Angles, degrees ier ae 
Leading Edge ; : fe 
Trailing Edge - 10.2k2 -10.2 
0.25 Element Line 32-050 35.050 
Chords: 
Root (Wing Sta. 0.0) 690-19 27. 
Tip (equivalent) 1 ¥e “5th 
MAC 19.7 p-209 
Fus. Sta. of .25 MAC 1136.12 wo-0r3 
W.P. of .25 MAC 269. 7 
B.l.. of 25 MAC 03 (. 330 
Airfoil Section 
Root es ee =< 
Tip as sii 
EXPOSED DATA P ies - 
Area = ft 1 * 2s 
Span (equivalent) - ft. 55-10 5 s6¢ 
Aspect Ratio 2.00 __ 2.004 
Taper Ratio 0.256 0.2 
Root ¥ Te 
ae a 1 15.990 
Fus. Sta. of .25 MAC 1195.1 1.000 
W.P. of .25 MAC 291. ll. 
B.L. of 25 MAC 250.5 10.147 
eerie pees en rte 121.42 0.139 
orm a- e 
L.E. Intersects Fus. @ Sta. 560.00 22.600 
L.E. Intersects Wing & Sta. 1035 .00 41.916 
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TABLE IV. - WING PRESSURE CONSTANTS AND LOCATIONS 


C x/c n 
Pi 
1=1L 15 8) 
7 15 33.4 
13 15 52.0 
19 15 66.3 
25 15 87.6 
2 30 ) 
8 30 33.4 
14 30 52.0 
20 30 66.3 
26 30 87.6 
3 TS 0 
9 5 33.4 
15 4S 52.0 
21 45 66.3 
27 4s 87.6 
r 60 0 
10 60 33.4 
16 60 52.0 
22 60 66.3 
28 60 87 .6 
5 15 0 
12 75 33.4 
Lt 15 52.0 
23 15 66.3 
29 15 87 .6 
6 90 0 
le 90 33.4 
18 90 52.0 
eh 90 66.3 
30 90 87.6 


/S 
ry, 


.0732 
0592 
.0355 
.0355 
.0236 
0489 
.0395 
0236 
.0223 
0157 
0489 
~0395 
.0236 
.0223 
0157 
0489 
.0395 
.0236 
0223 
20157 
0489 
.0395 
0236 
.0223 
s0L57 
O489 
0395 
0236 
.0223 
0157 


Note: Values identical for upper and lower surface 
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.332 
460 
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. 263 
. 363 
419 
.502 
. 369 
4o4 
479 
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TABLE V. -— BODY FLAP AND AFTERBODY PRESSURE CONSTANTS 





Body Flap Pressure Constants and Locations 


Location Ap ,/S £4/c 

1 | .0170 -1.0399 
; 2 .0160 ~1.0399 
3 .0170 1.0399 | 
Note: Values identical for upper and lower surface : 
| Afterbody Pressure Constants and Locations* 
| Location A), /S Lele : 
: 1 | 0479 ~1.030 3 
| | 2 0479 -1.191 | : 
‘| 3 0479 -1.373 
| 


Note: 1. Values identical for side and lower surfaces 


2. Assume that all Cy upper = 0.0 for afterbody only 


3. Side not utilized for integration 
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* Afterbody installed during runs 71 and 72 only 
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ce. Pressure bug locations. 


Figure 2. = Concluded. 
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a. Model Installation. 





b. Pressure bug installation, 
upper surface of left wing. 


Figure 3. - Model Photographs. 
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c. Right elevon showing strain gage instrumented beam. 
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d. Pressure bug location, upper surface of body flap. 


Figure 3. - Continued. 
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Ja, configuration of ABPS. 


Figure 3. - Continued. 
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g. Jgo configuration of ABPS. 
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h. Jao left wing. 


Figure 3. - Continued. 
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13 40 top view. 


Figure 3. - Concluded. 
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